
---- ————- —

NATIONALADVISORYCOMMITTEE
FORAERONAUTICS

COMPRESSIVE-STRENGTHCOMPARISONSOFPANELSHAVING

ALUMINUM-ALLOYSHEETANDSTIFFENERSWITHPANELS

HAVINGMAGNESItJM-ALLOYSHEETAND

ALUMINUM-ALLOYSTIFFENERS

ByNorris F. Dow,WUliamA. Hickman,
andHowardL. McCracken

LangleyMemorialAeronauticalLaboratory
LangleyField, Va.

Washington

April 1947



. .

NATIONALADWSORYQMZT!EEFORAEEONAUTICE

T9KENICALNOZENO.1274

●

✎

●

✎

COMPRESSIVE-ST!EENGZ!ECOM!?ARJSONSOFPANEISHA~G

.HWMINUM-AIUW$IZII,IT ANDSTIF33NESSW3333

HAVINGMAGNESIDM-AILCWSHEETMD

ALUMmlM-AUOYsTmmNERS

PANEIS

.
ByNorrisF.D@?,WUlismA.Eiclman, , .

andHowardL.k%(h?acken
:

. mww’ ,, “

Comparisonsaremzdeof24S-T&fminum-alloyfl@tcompression
panelshavinglcqtitudinalZ-sectionstiffenersandpanelshating
flatFS-lXma~esium-alloyshef3tandlon~ftudin~,2-4S-1?aluminum-
dUOY Z73ectim.Btiffenei;s.Theseccqarisons.ahuwthatthe
compositemagnesium-alloy,,almimun-alloypanelshavethehi@er
structuralefftci.eaciesandbua~inglozuisifthestiffenersare
widelyspaced.IfthestiffenersareC1OS?3.Yspaced.orifthe
panelshaveideeJ.proportions,tieccmparismsshowthatthe
structuralefficienciesareverynearlythesaneexceptina sn+il.1
rangeofloadingconditionsinwhichthe24S-Taluminmi-ELUoYqemels
haveslQjhtlyhigher
shawthattheuseof
constructionpermits
In eitherstructural

A comparisonof
alloymaterial,such

structured..A?ficiencies.‘l%eccmpariscim-also
thecoqositemagnesium-alloy,aluminum-alloy
widerstiffenerspacingwim littleorno 10sS
efficiencyor stressforlocalbuckling.

INTRODUCTION

tiepropertiesofm~esium-alloyendalum3num-
astheonemadeinreference1,indicates

that-if’a structureWOU3 buc&l.eat a lowcaa~ressi;eloadwhenmade
ofaluminumalloy,it WI&I. bucM.e ata higherl+xadifmadeof
magnesiumalloyofthesameweightbecauseoftilegreaterbulkof
thema~esiumalloy.In.general,itistobeexpected,therefore,
thatreplacingthealumiznm=alloysheetonaluminum-alloy-sheetstiff-
enerpanels,whichhavewidestiffenerspacings(hencelawbucld.ing
lc@s),withma~esium-al.l.oysheetofequalweightwillincreasethe
loadatwhichthesheetbuckles. A ccmtructionofthistype,having
qesi~-~oy sheetmd altinw=l.loy qtiffenem~ishereinreferred.
toas“Mg41t’construction.
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Theef?eotiofreplacingaluminum-alloysheetwithmagnesium-
allsysheetofthesealswei@tonthemaximmcompressivestrength
ofa panelwillde-pen~uyonthepraportlons0?thepanel,Ifthe
prnpaftionsaresl:chthatfailure@ccursbycolumnbendingata
stresswithinthee~asticrangeandbefpreany100alluckl,ingtakes
place,littlediffe~enceinstre@J~betweenthealuuhmm-alloy
IanelendtheequiveJ.entMg-Alpanelistobee~ected,The
increasedIml.k@ themagnesium-alloysheetoffsetsitslawermdulus}
So that tbe over-allbendingstiffnessand,therefore,thelong-
columnstrengthoftheMgj-Alpanelisaboutthesme asthatforthe
equivalentaluxtin~-alloypanel.

Astheproportimsarechangedsothatfailureisaccompanied
bylocalbuckli~~rplasticflowoftiemterial,ora ccmibtnation
ofthessphenmnena,itbecomesmoreandmoredifficulttopredict
accuratelythestren@ ofMg-Alconstruction wtthout the aid,of
experimenta~data.Inorderteprovidesuchdata,ccmpresstve
testsWei-e madeOQMg-AlpaneleintheJ~ley structuresresearoh
laboratory.Thepe.nelstestedwereessentiallyreplicascfscmeof
the@+S.T alutinum-aI.lcy panels Pf refe~+ence$!,onwhichtied.eslgn
chartsefrefe~ence3 arebased,exceytthe,tthe2hS-Tsheetwas
replaced by FS-lHma~esium-al+ysheetefthessmewei.gh”boThe
stiffenersweroformedof24S-Telvm!.n~malloyandwereofZ-sectIons
oftiesamebasicmmpozztionsasthemeforwhichtbedesigncharts
$freference3 weriidrawn,

SYMBOLS

l?~ compressiveloadperInch~fpanelwidth,kipsperinch

c fixi.tycoefficientusedinEulercolumn.fomnula

Ai cross-seotienalaxeapei- inchofwidthofa 24S-T
aluminwn-all~ypanel,inches

Ai “equivalentarea~~perinchofwid’tofM@l panel,inches
eq Equivalentareaisequaltocross-sectionalareaofa

@+S-T panelC@sameweightpel-unitlengthasMg-Alpanel,

ilf averagestressatfailin~load,ksi

af
ecj, “%qufvalentaveragestressatfailingloadt’ fora

hlg+lpmel,OPfailimGloadona Mg-Alpaneldividedby
equive.lent,area~fM@J. panel,ksi
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?Fadj

%

bsadj

%

%

%

bA
rA

w

d

P

thicknessof24S-Talumlnum-alloysheetofsameweight
asmagnesfm-alloysheetinquesticm,Inches

oompresstveyieldstressformaterial,ksi

unitshorteningatfailingload

stressfor100albuckling,ksi

“equivalentstremi’forlocalbuckling,ksi

weightofmaterial,poundspercubicInch

widthofoutstandingflangeQfstiffener,Inches

widthofoutstandingflangeofstiffenerafteradjustment
hasbeenmadetogivepmel desiredcross-sectional
area,inches

stiffenerspacingof
bs
adjinches;bS= —

1.05

stiffenerspacingof

24S-TpanelequivalenttcMg-Alpanel,
%/ bsadjfor—=0.79 and bs=
% Sq 17

theMg-Al.panel,inches

sheetthickness,inches

widthofwebofstiffener,inches

thiclmessofwebofstiffener,inches

widthofattachmentflange,inches

bendradiustora%~hmentflange,inches

lendradiusforoutsadingflange,inches

rivetdiameter,inches

rivetpitch,inches
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L., lengthofpanel,inches
,,.

w widthofpanel,tnckes

TESTS2ECIMENS

Dimensions.-ThedtmensionratiosfortheMg-AlspacimensJ
md thecorrespondingdimensionratiosforthe2@-T aluminma-
alloyspecimensofreferences2 and3, with whtchtheMg-Alpanels
are’tobecqared~aregivenintable1* A typicalMg-Alpanel
isshownasfigure1 andthepanelcross,sectionisshownas.
fiGureZ. The-Mg-Alpanelsw&o madebyreplacingthe24S-Taluminum-
alloyt3heetofsomeoftheZanelsOf referencei32 and3 with FS-I-E
magnesium-alloysheetofthessmewei.~t.Thereweresomediffer-
enties%etweentiew-~ pane].sendtilecorresponding!21hS-Tpanels.
Thosedlffevenceswereasfollows:

beetthickness,~, in.

tiffenerspacing,bStiJ~in

tiffenerspacing,bs,in.
..

idtiofatb3hmentflange,
bA,in. .

9ndradius,,rA, in.

0.102

L5.10

{

-.”
-“-
-“.

,61

.192

.15?2

24S-T
~eference
2 and3)

0.064
.-.

. . .

---

2.24

3.20

4.80

.52

.192

.256

Mg-.!l

0.128

2.98

4.25

6.37

---

--- -

“.-

0.081
---

“-.

-..

2.84

4,05

, “ 6.07

.60

.1*

.256
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Themoststrikingdifferenceisinthestiffenerspacings.
ThestiffenerspacingsfortheJ&U. panelswereincreasedsli~tly
overthecorrespondingspacingsforthe24S-Tpanelsinorderto
maketheareaper inchof’widtiOFtheM@l puel suchthattie
weightoftheMg-Alpanelfora givenwiflthwouldbeequaltothat
forthe24S-Tpmel. Theincreasesinstiffenerspacingsweremade
becausethetiiclnessofma~esiwu-elloysheetrequiredtogive
wei@tsequivalenttothealuminum-zlloysheetbeingreplaceddid
notcoiires~6hdexactlytothethiclaiessesavailable.Themagnitude
oftiesein~i*ea~esInstiffenerspacings~-ereappro~te~ 6 percent
fortheO.102-inch-+&ickmagnesium-alloysheetands percentforthe
O.128-inch-thickmagnesium-allo~-sheet.

R&veti~.-TherivetsusedfortheM~-Alpanelswereordinary
A17S-Tf~t -hea~rivets[AN442KD)insteadoftieNACAflushrivets
usedontie24S-Taluminum-allaypanelsofreferences2 end3. The
rivetdiametersandpitchesusesareasfollows:

1
c

[
M&u. 24s~ Mg-Al 24s-’r

I(refel*ences2 =d 3)—. (references2 -d 3)
ts$ in. 0.102 0.06k !10.12’8 0.081
d, in. 5/32 lja 3/16 1 5/32
p,in. l/2 3/4 II 5/8 1 I

Therivetdismetersend gi tchesusedontheMg-Alpanels
wereselectedinemefforttoapproachthe!!potentialstrengkhs’t
ofthepanels,thatis,thestrengthsthattiepsmelswoulddevelop
iftherivetingwerestrongenoughso“thatfurtherincreasesin
thestrengthofrivetingwouldproducenoincreaseinpenelstrengths.

h ordertoestablishthefactthatthedifferencesinriveting
didnotreducetheaccuracyoftheccmpariscmoftheMg-Al.panels
andthe24S+!2panels,a fewadditional24S-Tspecimenswerealso
tested.These~pecimenshat!3/16-inch-timneterrtvetsat9/16 -indI
pitch.Thisconbinattonofrivetdiameterandpitchproducedthe
stzzmgestpanelsofallthosepresentedina paperontieeffects
ofrivetingon~el strength.(Seereference4.)

Materialproperties.-Ihxhmun,mtntmna,andaveragevaluesof
theccqressiveyieldstressforthematerialsusedareasfollaws:
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Comy&a3siveyit31.d”sixes8,,

aoy
(ksi)

J-w’ ,’,.,
,. Average

28.0 46.3 46.5

?6.5 43.6 w! .0
25.5 42.0 41..0

TM valucmgivenforthe2h$-Tmaterialararepresentative
ofthepropertiesoftheflatsheetbeforeforming.Fcrthe
effectsQffo33m@ontheproperties,seereferen;e~.

,.,, . . VETEOD.OFTESTING

Thbpanelsweretested.,$lat-ended,withcutsidesupport,
ina I@raulicteating,machinehavingenaccuracyofone-halfof
1 PerC9ntoftieloadoThepanels,theendsofwhichhadbeen
groundflatand,pa~allel,werecarefullyalinedinthetesting
machinesoEWtoinsuroa uniformdistributionoftheloadover
thespecimen.

Thestressforlocalbucklingwasdeteminedbytheso-called
“strain-reversal”methcdinwhich’thestressforlocalbuckling
correspondsb thestressatwhichthecompressivestraincmone
sideof&o eheetbeginstobereducedwithincreasinglmd. (For
a compar,iscnof&is methoiiwithothermethodsandwiththeoretical
predictions,seereference6,)

.TM unitshortming,atmaximumloadwastakenasMO average
ofthestrainsmeasuredbyfour‘6$-inchgagelengthresietance-

.
typewire’straingnges.Thesegageswere’mounteclatthequarter
point.alcm$thelengtha=thepanelcmbothsidesof.thewebsof
tiesecondandfifthstiffeners.(Seef?.g.1.) !lhover-all,
shorteningofthepanelwasmeasured”withdtalgagesasa checkon
thismeasurementofunitshortening.

❑

✚✚
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Theresultsarepresented.onthesame
thedesignchartsofreference 3 in which

Pi
atfailingloid,isplottidagainst—

L/V#

typeofplotusedfor
@f,theaveragestress

the ratio of i.ntenstty

ofloadingtoeffectivelengthofpanei.‘TheadvantageofMis type
Pi

ofplotisthat — ~expressesthedesignconditicm%whereasEf
L/G .

isa measureofthestructuralefficiency.Sincedf i8l~d
dividedbycross-eectxonalarea,thehigherdf fora gl~enlad
perinch.Pi,thesmallerthecross-sectionalareaandweightof

.thepanel. .

Inorder tobeabletocomparedirectlythestructural
efficiencyuf Mg-Alconstructionwiththatof24S-TCOnst~GtiOnJ
an“equivalentstress”:d~ ~wascomputedfortheMg=Alptiels
bydividingtheloadcarri~%onWe Mg-Alpanel‘b?thecross-
secti.cnalareaofa-2kS-T”pnelofthesameweight,Itisthis
valueof tifeqthat.iqplottedagatnstthedesi~parameter
Pi

.,
‘inf@ure3 fortheMg-Al,panelsj~.AIsoplOtteainfigure3

~G ..
forcomparisonarethevaluesof df fortbestronglyriveted
245-Tpane+spreviouslymentionedendtestedasa partofthe
presentinvestigation.’

Fromtheaatapresenteain f@ure3 forMg-Alpanels,a set
ofdesign charts(figs.’hend5)werepre~ared.Thesolid
curvesplottedinfigure3 were takenfrcmthesedesigncharts.
Thedashedcurvesfor24S-Tpanels,alsosh~ infigure3 for
comparison;”-weret+cenfromthedesignchartsfor24S-Z’panels
of reference3,.Because-figure3 indicatesthatthereisfairly
goodagreementbdnreenthetest.dataforthestronglyriveted
24S-Tpanelsand@e dashedcurvestakenfrom reference 3, direct
comparisonsbetween&e Mg-Alpanelsandthe2@~ p@elSOf
reference3j neglectingdifferencesinriveting~shouldbe reason-
ablyrelta’ble.’

Numericalvalues of thetestresults,includingvaluesof
unitshorteningatzaaximuuload fortheMg-Alandthestrongly
riveted!2hS-Tspecimensofthepresentinvestigation,aregiven
intable1. Alltestresultshavebeenadjusteclina mannerstmilar
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tothatusedfortieresults& references2 ma 3 totakeinto
accountthefactthatthepanelshadsixstiffenersbutonlyfive
widfisofsheetbetweenstiffeners.Theend-fixitycoefficientc
in’we t%stq
24S-Tp9nels

wasauswnedtobe3.75,thesamevalueassumedforthe
inreferences2 and3.

COMPARISONOFlK+ALAND24S-TFANEIS

A nurri%erofpossiblecomparisonscanbetie betweenM@l
alla24SW Cmstruction, Intiefollowingparagraphsthestructural
efficienciesofthetwot~e301constrwticmareccm&cedinthree
differentways-directccmpatisohof_@stpanels,comuarimnon
thebasicofidealproportlom,am?.caapm’iscmofspec~ficminhnum
weightdesi~s-and.itwill%eseenthatnoneoftheseccmp.risons
showa consistent,substantialadvent-ageofonetypeOvei- theother.
A fourth,samcwhatdif~erentcompariscm,isgivenintiesection
entitled“A~pltcationofMg-AlConstructimtoMakeWiderStiffoner
Spacin~sFeasibleforSmoothWings.“

~mcdshavingIhe.zroyorticmstested.-Sincetheequivalent
stressC?feq fo:*theMR-ILLpane+swasdefinedinsucha wayasto
bedirectlycanparablewiW ~f fortheccmrespmding24S-Tpanels,
figure3 showsa dir6ctcomparisonofthe”structuralefficiencies
of‘&eMS-Alpanelstestedandthecorrespon,ling24S-Tpanelefor

‘i Pi
a givendOsigncondition—. Atlow-v&lJ_uesof

L/@
—u forwhich
L/~c

failureoccurredprincipallybycolumnlending,thecurvesof
figure3 indicatethattherewaslittleornodifferencebetween
tieM@J.‘psm.elsandthecorresponding24S+?-panels,exceptwhen/~~
tie24S-Tpeaelsbucklesappreciablybeforefailure

)

(— = 75,
%“

+%\ ‘~
= 40 ~inwhichcasetheMg-rAl panelshadthehigherstructural

%.” Pi
efficiencies,Atintemedflateendhipjhvaluesof ----zthecurves

I!p/c
offIgure3 iniiicatethattheM@l panelshadthehigher

efficiencies,exceptfortheclosestiffenerspactigs )

c)
<=35

‘i .,
atintermediatevaluesof —

L/\’~‘

?

T
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Theshorthorizcmtallinesrepresentingthebuc~ingstiesses
h figure3 showthat,aswasexpected,theMg-Alpanelstested
hadhigherequivalentbucklingstressesthenthecorresponding

24S-TpanelsatthewidestiffenerSpacings

(

b

)
—=500r7Yn
%eq

PanelshavingidealDroDortions.-InotidertocompareMg-Al
and2kS-Tpanelsofidealproportions,useismadeofthedesign
chartsoffigures4 and‘5forMg-Alpanelsandthedesigncharts
of reference3 for24S-Tpanels.Thesedesi~charts,whichrepre-
sentanelaboratecross-plottingoftestdata,provideinformation
regardingthestructuralefficiencyofMg-Alan?24S-Tpanelsof
a widerangeofproporticms.By fairing envelopecurvesoverall
theindividualcurvesofthedesignchartsfortheMg-Alp~els~

Pi
a @Ot ‘f afe~ against— can‘beobtainedthatrepresents

L/vF
a seriesofpanels,eqchofwhichhastheideal”proportionethbt
givethemaximumstructuralefficiencyforitsparticularvalue

Pi ,
of —. Envelopecurvesqfth~stype,forbothMg-Alsnd24S-T—,

L/~ Pi
panels,arepresentedinfigure6. Fornovalueof —...arethe

L/~
envelopecurvesfortheMg-Alpanelsinfigure6 above”theenvelope
curvesforthe24S-Tpanels.

Atfirstglancethereappearstobea contradictionbetweenthe
comparisonofMg-Aland24S-Tpanelsofidealproportions,andthe
previouscomparisonof suchpapelshavingthoproportimmactually
tested.Closerinspectimofthecurvesoffigure6, however,
revealsthatthereislittleornodifferencebetweentheenvelope
curvesfortheMg-Alpanelsandforthe24S-Tpanelsexceptfora

,

Pi “
smallrangeofvaluesof —. Itmightbethought,therefae,that

L/@ ,
theapparentcontradictionbetweenthetwomethodsofcomparisonwas
causedbyslightdifferencesinfairingthecurves of the desi~
charts.

It ispossible,hcwever,thata 24S-Tpanelofidealpropor-
Pi

tionsfora givenvalueof — isgeneral.lymoreefficient
L/~ Pi

structurallythantheidealMg-Alpanelforthesamevalueof —.
L/@-
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Itwasshowninfigure3 th~tattheclosestiffenerspacings

(’)bs Pi
—=35
t~

*erewas’amngeofvaluesof~————.fokwhichthe@- ~

cur%sfromthe@+S-Tdesignchartsindicated,higherstructural
efficienciesthanthecukvesfromtheMg-Al.”designchai*t8.
Compakiscncfthecurvesof$igyres~ and.6 revealsthatitIS
inthisregionofclcsestiffenerspacings”thattbecubvesof
figure3mostnearlyapproachtheanvelope”curvesforthe24S-T
panels~,$%appears,possible,moreover,thatthereareothr C1OEIO

3s’ “ “
stifi!enerspqcings.‘bheu————= ,35Zor,which24S-Tpanelshave~.

,, % eq
a range,ofl@.gher~tructul=fi-’etfj.cienc~.~sthanMg-m p~elso,It
isaleepossible’thatatthesoclosestiffenerspacingstheideal
proportions’,ar~achieved.Iilcallyproportioned.panels,aswas
pointed-outinreference3,generellyheveclosestiffenerspacings.

,,,,
.,. . .PeneJ.ahavi~~the~roqortionsrequfred,forspecificminimum
.wei.*t&es@ns.-Becauseof certainrestrictions,suchasthe
facti’t.hatsheetmaterialiUa~ailableinonlya limitednumberof
tiiclmesses,itisseldompossibletoachievetheidealproportions
@ pnactual desigm..Consequently,comperi-sqns’ofpanelshaving
theproportionsrequiredbyspecific‘deslgn,s:areusuallyofgreater,,.
significancethanccmpari~cnsofpanelshQvi@..idealproportions.

.,
InordertoccmyareMG-A1&ad@!S-Tpanhlshavingthepropor-

tionsrequiredforspecificm@imumweight&esi@s,the’charts
offigu~es~ tid~ andtheprocedureof.theappendixWereusedto
makecm:,pazativedesignsofMg-A}panelsror’allthreelengths
(L= IOin.,20in.,and30in~~’coveredbythesamplti’24S-Tde8@n8
ofrefs}wnce3. BecausethereareMg-Alpanel~esl.gnchartsfor
.cdy“tWCIValuesoftheratioofsheet~ic~esstostiff~nerthick.

ness“(%? )= 0079and1,00 ‘&bcomparativedesign@wererestricted
c eq

toonlythosevaluesofthethicknessratio.Theremainingdesign
requirementswerethesameasthoseusedinreference3,n@l!Ml~j

‘i
= 3.0 kips/inch

~eq= 0.064Inch
Cul

*

r #- m
lb
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Thesecomparativedesi@ are~resentedinfigure7,together
withtiecorresponding2hS-Tde~ignsAfromreference3.

Forbothvaluesof %—, -d forallthreelengths,figure7
%ec

showsthatthe,Mg-Al~el designshavewiderstdf’fenerspacings
thanthe“2&-T”ps+eldesignsb Iwpitetheirwiderstiffenerspacings,
theMg-Al.@nel&l@yehigherequivalent.bucldingetressesthantiq
@+S-Tpane$s,asshowubytilebargraphsinfigure7,exceptfor., :;
onec,a~einwhichWe stiffenerspacingwasthe“closestofmy
ofthesec@&i7ativedesi@s,andinthiscasethebuclil.ingstresses.
wereqsstitia~~the~same.ThebawgraphsalsoshowthattieM.g-A.l
panels“ayeslightlylightei inweiglrt(thatis,carrya higher
equivalentetiss ~f atthedesi~load)thw.,the24S-Tpanels~

Qq
exceptforthedesignhavingtheclosest stifEenerspacing,in ‘
whichcasetheweightswerealsoessentiald.ythemme.

The coqarative d.esi~s infigure7 showthattheMg-Alpanels
varywiththespecificdositgnrequirementfromk.~percentlighter
to2.2percentheavierthanthe24S-Tpemels.Ifitisdesiredto
bow whethera Mg-Alora 2~.lS-’Rpaelwillbethelighterfora
give~application,camprativemctnimumweightdestgnsof~othMg-Al
and24S-Tpmelsshouldthereforebemadefromtheirrespective
designchartstomeetthegiven requirements..,,,

..

..— Aj?J?LIC!ATIONOFMG-f&CONST!RUOTIONTO’~ .

MAKIZWIllESTD?FFNERSPACINGSF@IBIX

F@ SKE’J7EWINGS
~

Theforegoin~discussicmindicatesnoconsistent,substxoxtial i
differenceinstructurale~fi.ciencyhetveei24S-TandMg+l construe- $
tion.BecauseMg-Alpanelshavegeneral~higherbucklingstresses,
however;it“seemslikelytiattheywouldprovidesmooth=“faces k
uptohi@ loadfactorsatwiderstiffenerspacingsthanwould

.*

@+S-Tpsnels● #Inreference3,itwaapointedouthat panelsdesig&d.,,
formaximumstructuralefficiencyhavelmclil.ingloadsquitec~oseto
thenuudmumlead,butthatsuchpmelswouldrequireratierclose .#-
stiffenerspacings(thusalsoa lmgenumberofrivets). Experience;
intheuseofthedesi~chartsofrefe~ence3 indicatesmat wider~.>
spacingscanbeusedwithrelativelysmzddZossesinstructid. *“-
efficiencybutresultina subs~tiuldecrea~eofthebucklingstress.
IfMg-Alconstructionweresubstitutedfor24S-T,thebuclil.ing‘stress ~“:,.J*:



cauldpresumablyberaisedtoa reasonable
spacingcouldbemaintainedwithlittleor
offici.ency.
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valueantthewider
nolossesinstructural

InorderteshowhowMg~Alcopstructimpermitstiderstiffener
spaein~,figure8wasprepared.Inthisfigurethevalues@
~f ~ ~feqjm. dcr ~ OC,O,Jt.rtheconparattvedesi~s

offigure7 areplotteda~,instthes~iffcmerspacingbs.‘ItIs
evidentfran the figurethattheMg-Aldesignsallowa~prec~ably
wider6tiffener spacingsthen the 24SJI I&3si,gnswith little m? no
lossesineither.bucklingstressesormoragestremesatmax$mum
load.*

CONCLUSIONS

CompariScn#’o’f2@-T alunytnvm-alloy
havinglcmgitudinalZ-sectionstiffeners

flatcompressionpanels
andpsneiuhaving-flat

I&S-l&-magneSiVm-aUOyslhoetmd longitudinal2~lS-T~lumin~~allmy
Z-section&tiffenersehowedthat:

(1)Ifthestiffenerswerewidelyspaced,thecomposite
magnesium-alley,aluminum-alloypanelshadthohigherstructural
efficienciesendbucltlingloads.

(2)Xfthestiffencmwwerecloselyspacedoriftiepanels
hadidealproportionsthestructuraleffici.sncj.euwerevery nearly
thesame,exceptina smallrsngeofloadingconditionsforwhich
the24S-Tpanelshadslightlyhigherstructuralefficicmciess

(3)A considerationofthecharacteristicsoftheMg-Al
constructiontndicatedthatitcm.il.dheusedtopermitconsiderab~y
widerstiffenerspacingsthan2hS~aluminum-alloyconstruction
withlittleornolos~ineitherstructurale~ticiencyorstress
$orlocalbuc~ing.

LangleyMer.uori.al.AeronauticalLaboratory,
,Na’ticnalAdvisory(kx@.tteeforAeronautics,

Leng.loyField.,Vk.,Je.nua:ay20,19~k7.
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APPENDIX

Theprocedureusedformakingthesampledesignspresented
infi~re7 istakenfromreference3,exceptthatchangesand
additionshavebeenmadetotakeintoaccounttheU.fferencein
densityoftheM&U. construction.Thisprocedureisasfollows:

(Thevaluesfor L = 20 and

arereferencedtothesteps

(1)

(2)

example~

‘iCompute— .
L/l6’

%—w=0.79aregivenintible2 and
%eq
inthefollcwingprocedure.)

t..
Franthecurvesfora particularvalueof A (Inthe

%J
%eq

fig.4 for ————= 0.79isused)pickoffforeachvalue&
%1 “seq

bs‘f 7 ‘a q---the valueof.~f corresponding
eq

eq.D.
of ==.

L/’fi . Al
(3) pickfromtable3 or4 thevaluesof ~

!S
totheratiosusedinstep(2). eq

{4) Compute

to the value

corresponding

-L

‘s =eq %0 qaf —
eqt.@@q

(5) plot ~eq and C?f
bs

against— for~achvalue
eq %~”

bs
of — forwhich

% eq

“ %/Plottheparticularvalueof — atthevalue
%

% equalsthespecifiedvalue,antmarktheeq
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b~
valueofstressatthatvalueof -.

tb
“eq

(’6).‘&e’r‘gtap(5),”hasbeen$~pletedfor&l.thevaluegaf
%,” ‘“
Q,”?&W ~&* ofstressendof,..~, %– ‘ain’t ~ ‘ir”u@‘e
pointsdetermined.fnstep(:~).

(7) !Each,d -thecu~esdrawninstep(6,)represeqt,sa(;.ies
ofdesigns,allofwhichhave‘therequiredvalueof ts

eq
-thiscase0.064in.).

,—
l%emaximumpointon”thecurveof dfeq

indicates-+he design.f,or.,maxlqumstructuralefficiencyforthe.,,.
%

,’
particular’valueof Notethismaximumvalueof df the

~“.,.,.~g, .:., eq’. ..
“bv““vclueof — atwhichitisreached,andthevalueof

keq t.. .. , G’ ‘hich,.”
%“ %canbopickedfruuthecurveof — against—------t.~ % eq

(8) Makq@ approximatecheckofcomputationsbypickingfrom
...,,,,. ...”. :..,,, ,..

‘* corresp.table3 or~ the.”valueof ~ endingtotheratiosselected.
.1

for
and

.,,

Icaxhumstructuralefficiencyinstep(7).Xf.allcanptitaticns
plotsarecorrect,

(,9)Conputetie‘paneldimensions,

%oqts =~~ .(tonearestpheetgage)
.

..
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or

$’

.

.

RF=&w
%

‘=xbw

“%eq

‘Awhere— =t~ 3

%’
where— =3

%

ccmputingbs aretoadj
masnesium-allo.ysheetare

Thevaluesof1.05and1.06gtven for

takeaccount6fthefactthatthegagesof
notinekactlythesaueratioto l%eequfva~fi~.‘tgagesof@+S-Taluminum-
alloy*eatastherazioofdensi.tfes.‘Ikevalueof Ai obtained

eq
by thismetbxlmayvaryby1 or2 percentfrcmthetruevalue;the
magaitu%eofth9variaticnde$endsupcntheproportimmandthe
absolutedinmnsions.Ifthesheetthicknessislargeenoughsothat

,

1

1



it is determined
theactualvalue

.

NAOATNNco1274

*
aaa fraotionofaninchinsteadofasawire gage,
of AL mayvary morethan2 percentfran thevalueea

givenbytheprecedingo&putation.Inanycasethebestprfioedureia
tocheckthetruevalueof + o

(10) Checkthetruevalu~qofAieq efthedesign,

(11) Cmputethe valueof At requiredtocarrytheleadat
eq

thedeterminedvalueof 5f as
eq

Al %= ~f
‘q(required)‘q

If thevalueof ~ ~a tietermined fr~ step(10)i-s different

frcmtierequiredvaluec~lc~fiatedinstep(n))~ ~$us~entmaYbe
madebyslightchangesinthewidt!hoftheoutstandingflan~esoftie
stiffeners,Reference3 pointedoutthatvariationsinwiathofthe

% %outstandingflangefrcm ——= 0.3 to — = 0.5 didnotaffecttie
% %

panelstrength.Thisadjustmentisusuallyunnecessaryasthegiven
procedureinmostcaeasyieldsa sufficientlyaccuratevalueof Ai

eq*
Thevalueof Ai determinedlythedesiwprocedurefortlgeeaseeo
givenintable2-~s 0.1019inch,forexample,andthevalueof Aieq
requiredtogivea stressof29.5ksiat pi= 3“~~Ps/inchis
0.1017inch.

(12) Ifdesired,hmever, tho adjustedvalue cf ~, neeae~t~
giys theexactmilueof ‘ieq requiredYmaybecsmputedfromthe
followingformula:



(13) obtain Ucreqfrcmthedesignchartsby interpolation

fortheproportionsdeterluined.

(14)Repeatsteps(2)to(13)fortheothervalueof @“ytseq“

i

.

.
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NACA.~?NO.4B03,1944.

3* Schuette,EvanH.: ChartsfortheMinimum-l?ei$htDesignof
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4. Dow,NorrisF.,endHiclman,WilliamA.: EffectofVariation
in?3ismeterandTltchofRivetsonC!ompsesaiveStrengthof
P~~lswithz-sectionStiffeners.I -PanelswithClose
StiffenerSpacingThatFallbyLocalBuckling.NACARB
No.L5G03,194’5.
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TABLE l.-PROPORTIOI?SOFSPECIMENSAKOTESTDATA.C~C1-&

.

.

TestdataforProportionsofstron@.yriveted.
24S-Tpsnele etronglyriveted

., 24s-Tpanels
pi$ bs ~ & ~ ~ ~ : g L ‘f

< ; ~ ~ ~ ~ ~ ts < ~
(a)

(lssi,p~~ “

1.OQ35 al 0.49.6 3 3 2.938.8~;.:;;.! o.9& *Ox 166
.472 6250

26:934:1 .247 3580
-------- ---- ----

30 8.0 $.; .675 4380
16.1 .335 3660
28.029:7 .157 2970
-------- ---- ----

40 8.1 29.8 .486 3U.O
16.2 27.5 .224 ----
28.423.5 .110 2360
-------- ---- ----

w 20 34.5 .782 6870
lx:;33.0 7800
25.4 28.5 :% 3410
-------- ---- ----

30 7.7 30.5 .497 4360
15.5 29.5 .239 4500
27.127.0 .124 2910
-------- ---- ----

40 7.8 26.5 .362 3500
15.7 25.1 .172 2690
27.523.1 .091 2220
---- ---- ---- ----

75 20 6.6 28.1 .9 7210
13.2 26.3 .278 5690
23.223.9 .143 3610
-------- ---- ----

30 7.2 26.3 .378 4470
14.5 25.3 .182 4750
25.5 23.7 .097 3320
-------- ---- ----

.
40 7.6 23.2 .267 ----

15.2 22.
i

.128 3120
26.619. .065 2500
-------- ---- ----

%%e panel lengthsgivenarethosefortheactualtestspecimans
forwhichcs3.75

NATIONALADVISORY
COMMITiE’&FORAIHIONAUTICS
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l,WI 1.74aL.m 1.20.5
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L,ti -1.5?41.6@ 1.
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l,W 1.753I.’@ l,FM
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:8 M& 2$ ;%J
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i:tg w “M i:%
1.3591.b141.4301.445
M5 1.W 1.W 1.430
L.3721.3871.4011.4U3

:.J$ ;:~ ::m& ;:S’J

1.462 1,4771.4921.*
1.4451,4431,475U@
1.430L.44>1.459l,blk

L.343 1.357 1,370 1.* 1,397 l.bll 1.424 1,438

L.@ 1.3C9 1.321 1.33, 1.33 ::$ 1:% ::%
1.313 1.331 1.344 1.356 1.3

%2

mf23 W323436

2.172 2.2w7 2,277 2,7+7 2.417
2.32i 2.162 e,~ 2,2s7 2,363
2.286 2.uO 2.s33 2.*7 2.W
2.0$7 2.078 2,140 2.203 2.*
2.03J 2,041 2.lol 2.161 2.222
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2.407 e.
2.430 !2.G!
2.377 e.442
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1.753 1.*
1,726 1.757
1.7o1 1.731
1.678 1.707

1.626 1.65
1.* 1.Cd
1+$2 1.%6

2L4TIOZALNwr.mu

—

46

&2. 7

2:377

?%

2.423
2.*
W3@
2.a9
2.262

2.22-I
=94
2.162
2.J.Y
2.1o4

‘2.032
e.d
1.*
l,ga
1.E21?

1.W
l.elf

M
1.7X

l.bn
1.6I
1.3
—

142
ZGz
2.*
2.’WJ
2.640
2.@3
2.530

‘2.491
2.i35
2J91
2.3W
2.312

2.275
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1.*
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2.539
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~.m 2.393
2.zFi 2.330
2.22S E.ao
2.* 2.33
2.14k 2.192
2.L06 2!.ly2

2.070 P.U5
2.0362.C$O
2.C05 2.049
L.m 2.lq
L.!W Lm

w= 1.964
M%% 1.93k
1.873l.gln
1,8* 1.E36
1.8291.W

1.793 1.
l.m L %
1.7= 1.7X
1.6% 1.7Z9
1.6631.6gl

1.6321.663
L.6141.640
L.!m L617
1!5721.536
M53 1.576
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L.* 1.4Q
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2.3fb 2.
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2.090 2.132
2.@ 2.
P.@ 2.%%

1.8$ I.@
G3L7 1,249
1.* 1.812
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1.62Q1.6M
1.5591.Q
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1.#l TL53
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2.2LL 2.255 2.27J
2.1~ 2.217 2.z&l
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2.lct3 2.148 2.lEa

27128129

2.326 2.432 2,vi6
2.*3 2.* 2.40
2.yJ2 Q.34i 2.A
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1.W L765 1.
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